Abstract. The temperature-dependent XRD technique was used to study three typical Chinese traditional patent medicines (CTPMs)-Suxiao Jiuxin pills (SJP), Zhenqi Fuzheng granules (ZFG), and Shenyang Hongyao tablets (SHT). The results showed that this technique can convincingly evaluate crystalline structure, sublimation, melting, temperature stability of some molecular crystals such as the pharmaceutical constituent (borneol) and base (PEG) in SJP, edulcorant (sucrose) in ZFG, and inorganic diluents (calcium sulfate) in SHT. The temperature-dependent XRD technique can be qualified for quality control of these CTPMs.
Introduction
Chinese traditional patent medicines (CTPM) are products processed with various formulations, in which Chinese traditional and herbal drugs as raw materials are processed. Quality control (QC) of CTPM includes not only active constituents but also pharmaceutical excipients. Chromatography is generally adopted for QC of active constituents in CTPM [1] [2] [3] . The powder X-ray diffraction (XRD) technique had been used for identification on fingerprint of some Chinese herbs [4] [5] [6] , analyses on several CTPMs [7] [8] [9] , and QC of pharmaceutical excipients in CTPM [10] [11] [12] . As is well known, the powder XRD technique is usually used at room temperature for observing and identifying the structure of polycrystalline materials, which include inorganic ceramics [13, 14] and metals or alloys [15, 16] in the field of materials science. CTPM generally consists of several Chinese traditional and herbal drugs, in which a wide variety of active constituents form microcrystals reflected by XRD fingerprint. The XRD peaks of these microcrystals are so weak that they are not considered to act as the proof of QC. QC of CTPM requires a certain amount of molecular crystals existing in CTPM so as to able to monitor these molecular crystals by XRD. Molecular crystals are crystals formed by molecules bonded by weak van der Waals' forces or by a hydrogen bond. A stronger covalent bond acts between the atoms within molecules. In CTPM, most molecular crystals are crystals of organic compounds, including some pharmaceutical constituents and pharmaceutical excipients. In addition, the phase transformations of molecular crystals-melting, sublimation, and polymorphic transitions-usually take place without the destruction of individual molecules. Low melting points are characteristic of typical molecular crystal. Thus, the temperature-dependent XRD technique is appropriate to QC of CTPM. However, there are very few reports about the application of this technique in CTPM to date [9] . On the other hand, we had adopted the temperature-dependent XRD technique to carry out temperature correction on ceramics [17] and metal [18] . The exploration on molecular crystals in CTPM using this technique is an extensive research.
In this work, the temperature-dependent XRD technique was used to study three typical CTPMs-Suxiao Jiuxin pills (SJP), Zhenqi Fuzheng granules (ZFG), and Shenyang Hongyao tablets (SHT), mainly highlighting the pharmaceutical constituent and base in SJP, edulcorant in ZFG, and diluents in SHT. The method of QC of these CTPMs was explored.
Experimental
The information of Suxiao Jiuxin pills, Shenyang Hongyao tablets, and Zhenqi Fuzheng granules is listed in Table 1 . Three medicines were crushed and ground in agate mortar for 20 min. The powders were screened with 100 mesh screen to prepare their fines, which were placed in an electronic moisture-proof cabinet for XRD or DSC measurements. The humidity in the cabinet was kept at 1 % and the storage temperature at 18 °C. The fines of the above Chinese traditional patent medicines were placed on a metal specimen stage in a sealing chamber. The temperature (T) detected by a thermocouple within the metal specimen stage can accurately reflect the temperature of the metal specimen stage owing to good heat conductivity of metal. Temperature drift error was ∆T < 1 °C. After these fines were heated to a given temperature (T) and kept for 30 min, powder XRD spectra were measured from 25 to 200 °C using a DX-2700 X-ray diffractometer equipped with a LTK-450 meso-thermally controlled accessory (Dandong Haoyuan, China). At each temperature the XRD data was collected between 5° ≤ 2θ ≤ 70° in steps of 0.02°.
DSC measurements were performed for Chinese traditional patent medicines, polyethylene glycol (PEG4000), and borneol, with a DSC131 Evo differential scanning calorimeter (Setaram, French). Heat flow data between 25 °C and 200℃ at a heating rate of 5 °C /min in steps of 0.2 s were recorded.
Results and Discussion

Temperature-dependent XRD of Suxiao Jiuxin Pills (SJP)
Powder XRD pattern of sealed Suxiao Jiuxin pills (SJP) at room temperature is shown in Figure 1 (a) . The main constituents in SJP are Ligusticum chuanxiong and borneol. Ligusticum chuanxiong in SJP is an extracted constituent and its XRD can be neglected. Two stronger XRD peaks from borneol were observed, indicating that SJP contained a large amount of borneol. Another series of XRD peaks were identified to originate from polyethylene glycol (PEG), which was the base of SJP. The fine powders of unsealed Suxiao Jiuxin pills were placed in an electronic moisture-proof cabinet for 14 months, and the XRD peaks of borneol became weaker at room temperature, as shown in Figure 1 (b) . This implies the gradual sublimation of borneol because of exposure in air for long time. It can be seen from the temperature-dependent XRD spectra in Figure 1 (b) that at T = 55 °C borneol had disappeared due to sublimation and the XRD intensity of PEG did not change with T, which illustrates that PEG is temperature-stable up to 55 °C. However, when T was increased to 57 °C, the XRD peaks of PEG disappeared owing to melting of PEG and PEG exhibited a dispersion peak with a geometric topological shape, which is characteristic of amorphous molecular crystals.
DSC traces for SJP, ligusticum chuanxiong, borneol, and PEG4000 are shown in Figure 1 (c) . Ligusticum chuanxiong did not show a change in DSC heat flow. Upon heating two endothermal peaks corresponding to Borneol and PEG4000 were 59 and 61 °C, respectively. A broad endothermal peak in SJP appeared at 54-56.5 °C. This peak was attributed to overlapping of both sublimation of borneol and melting of PEG4000. Thus, the temperature-dependent XRD technique can monitor the pharmaceutical constituent represented by borneol and the base represented by PEG for Suxiao Jiuxin pills. 
Temperature-dependent XRD of Zhenqi Fuzheng Granules (ZFG)
Powder XRD pattern of sugar-containing Zhenqi Fuzheng granules (ZFG) at room temperature and the simulated XRD pattern of sucrose (PDF 24-1977) are shown in Figure 2 (a). ZFG exhibited a series of strong XRD peaks. It can be seen that the XRD spectral structure of the sugar in ZFG was the same as sucrose (PDF 24-1977) . It is obvious that the edulcorant in ZFG was sucrose, i.e. that the manufacturer adopted sucrose as edulcorant in the sugar-containing ZFG. [19] . As a molecular crystal, sucrose has a monoclinic structure (PDF 24-1977) and its melting point is 186 °C. As shown in Figure 2 (b) , Ligustrum lucidum and astragalus membranaceus did not show any endothermal peak. The DSC peaks of ZFG and sucrose were located at 184 and 185 °C, very close to the melting point reported [19] . The DSC results further confirmed that the sugar in ZFG was sucrose.
The temperature-dependent XRD patterns of ZFG are shown in Figure 2 (c). The XRD intensity of ZFG decreased with increasing T. When T = 198 °C, the XRD sharp peaks disappeared and ZFG exhibited a dispersion peak characteristic of amorphous molecular crystals. This illustrates that the melting point of sucrose in ZFG was at between 164 and 198 °C, which is in agreement with that reported [19] .
Temperature-dependent XRD of Shenyang Hongyao Tablets (SHT)
Room-temperature powder XRD patterns of Shenyang Hongyao tablets (SHT), eupolyphaga steleophaga, and simulated Silicon dioxide (PDF 86-2237) and calcium sulfate dehydrate (PDF 74-1905) are shown in Figure 3 (a) . The main constituents in SHT are Panax notoginseng (Burk.) F. H. Chen, Ligusticum chuanxiong Hort., Angelica dahurica, Angelica sinensis (Oliv.) Diels, Carthamus tinctorius L., and eupolyphaga steleophaga [9] . The first five constituents are plant-type traditional Chinese medicinal materials and they generally exhibited a weaker dispersion peak in XRD. Eupolyphaga steleophaga is an animal-type traditional Chinese medicinal material. A small amount of silicon dioxide was detected because Eupolyphaga steleophaga lives in the soil. Calcium sulfate was adopted as diluents in SHT. The XRD experiments verified that the diluents in SHT was calcium sulfate dehydrate. Three dispersion peaks appeared at 8.98°, 19.78°, and 27.70°, corresponding to the interatomic distances of the majority of amorphous organic matters, d = 9.847, 4.488, and 3.220 Å, respectively. An unknown peak appeared at 17.74°. The corresponding constituent is to be further investigated. Temperature-dependent XRD patterns of SHT are shown in Figure 3 (b) . In light of temperature-independent dispersion peak, SHT was confirmed to be temperature-stable below 130 °C. However, the diluents in SHT changed at a higher temperature. It was found that calcium sulfate dihydrate (Ca(SO 4 )·2H 2 O) lost fractional crystalliferous water to form calcium sulfate half-hydrate (Ca(SO 4 )·1/2H 2 O) [20] . The XRD pattern of silicon dioxide in SHT was unchanged.
Summary
The temperature-dependent XRD technique was used to study three typical Chinese traditional patent medicines--Suxiao Jiuxin pills (SJP), Zhenqi Fuzheng granules (ZFG), and Shenyang Hongyao tablets (SHT).
(1) The strong XRD peaks were detected for two molecular crystals-pharmaceutical constituent (borneol) and base (PEG) in SJP. Borneol had disappeared at T = 55 °C due to sublimation. PEG was temperature-stable up to 55 °C and its melting point was approximately 57 °C.
(2) The edulcorant in sugar-containing ZFG was confirmed to be sucrose (C 12 H 22 O 11 ) with a monoclinic structure and in the form of molecular crystal. The XRD intensity of ZFG decreased with increasing temperature and ZFG exhibited a dispersion peak characteristic of amorphous molecular crystals owing to melting of sucrose in ZFG when T = 198 °C. The melting point of sucrose in ZFG was identified by DSC to be 184 °C.
(3) The diluents in SHT was verified to be inorganic calcium sulfate dehydrate (Ca(SO 4 )·2H 2 O). It was found that calcium sulfate dihydrate in SHT lost fractional crystalliferous water to form calcium sulfate half-hydrate (Ca(SO 4 )·1/2H 2 O).
Thus, the temperature-dependent XRD technique is qualified for quality control of these Chinese traditional patent medicines.
